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This  final  report  describes  the  technical  effort  conducted  under  Air  Force  Contract 
No.  F33615-90-C-2051,  entitled  "Development  of  An  Advanced  JP-8  Fuel."  The 
technical  effort  described  herein  was  conducted  over  a  period  from  August  1990  through 
January  1993.  The  research  conducted  under  this  contract  was  administered  under  the 
direction  of  Mr.  Steven  Anderson,  WL/POSF  Project  Scientist,  and  Tedd  Biddle,  P&W 
Program  Manager. 

The  research  conducted  under  this  program  was  the  product  of  many  contributors. 
Among  those  who  provided  guidance  and  practical  experience  in  pursuit  of  the  program 
objectives  were  Steven  Anderson,  Mel  Roquemore,  William  Harrison,  Timothy  Edwards, 
and  Robert  Morris  of  WL/POSF.  The  P&W  team  which  acted  as  a  liaison  with  the 
additive  manufacturers,  compiled  the  candidate  additive  inventory,  performed  screening 
tests,  test  method  development,  and  considered  the  affects  of  a  high-temperature  fuel  on 
fuel  system  components  included  Tedd  Biddle,  William  Edwards,  Earl  Hamilton,  Toni 
Massar,  Mike  Polito,  and  Richard  Sullivan  of  the  P&W  Fuels  and  Lubricants  Laboratory; 
Matt  Eder  of  the  FI  19  Controls  Group;  and  Charlie  Graves  of  the  FI  19  Combustor  and 
Augmentor  Group;  and  Andy  Brankovic  of  the  CFD  Modeling  Group. 

Contributors  from  the  University  of  Dayton  Research  Institute  included  Robert 
Kauffman,  Vish  Katta,  Steven  Zabamic,  and  Shawn  Heneghan.  In  addition,  technical 
support  was  provided  by  Ted  Williams,  Ed  Bins,  and  Chuck  Martel  of  Systems  Research 
laboratory.  Support  directed  at  implementing  the  Quartz  Crystal  Microbalance  at  P&W 
for  monitoring  fuel  deposition  rates  in  real  time  was  provided  by  Elmer  Klavetter,  Steven 
Martin,  and  Leonard  Casaus  of  Sandia  National  Laboratory.  The  aforementioned 
organizations  and  personnel  were  instrumental  in  the  successful  completion  of  this 
program.  The  diverse  mix  of  disciplines,  expertise,  and  experience  provided  considerable 
insight  into  reaction  mechanisms  and  kinetics  of  deposit  formation,  CFD  modeling,  test 
method  development,  additive  chemistry,  and  implementation  of  experimental  approaches 
for  determining  the  propensity  of  fuels  and  additives  to  oxidize  and  to  form  deposits  and 
bulk  fuel  insolubles  in  static  and  flowing  systems. 


1.0  SUMMARY 


Technical  effort  was  directed  at  increasing  the  design  limit  of  current  JP-8  fuel  from 
325°F  (163°C)  to  425°F  (218°C)  at  the  fuel  nozzle.  The  objective  was  to  accomplish  this 
near-term  thermal  stability  goal  solely  through  the  use  of  a  fuel  soluble  additive  package. 
JP-'Iliermally  stable  fuel  was  considered  the  thermal  stability  target  since  it  has  the  high- 
temperature  properties  sought  from  the  significantly  more  economical  JP-8  +  100 
formulation.  The  additives  were  evaluated  in  an  additive-free  Jet  A  considered  typical  of 
fuel  most  likely  to  be  encountered  in  the  field.  DuPont  JFA-5,  currently  the  only  accepted 
thermally  stability  improving  additive,  was  considered  state  of  the  art  and  used  as  a  bench 
mark. 


Additive  manufacturers  were  surveyed  and  solicited  for  candidate  additives  that  had 
potential  for  improving  fuel  thermal  oxidative  stability.  Test  methods  were  developed 
and/or  refined  for  use  in  screening  additives.  Using  the  Hot  Liquid  Process  Simulator 
(HLPS)  in  conjunction  with  a  LEGO  Carbon  Determinator,  152  additives  were  screened. 
Additive  performance  was  ranked  based  on  surface  carbon  and  differential  pressure. 
Additional  screening  was  performed  using  the  Isothermal  Corrosion  Oxidation  Test 
(ICOT). 

Additives  screened  included  oxygen,  sulfur,  and  nitrogen-type  antioxidants; 
dispersants;  detergents;  metal  deactivators;  antifoulants;  and  proprietary  thermal  stability 
improvers.  Twenty-seven  experimental  blends  comprised  of  various  additive  combinations 
were  tested.  Five  baseline  fuels  were  evaluated.  TTiese  fuels  included  POSF  2827  Jet  A 
reference  fuel,  POSF  2799  JP-Thermally  Stable,  POSF  2747  Super  K-1  kerosene,  POSF 
2926  Shell  Oil  Jet  A,  and  POSF  2928  Exxon  Jet  A  with  15%  hydrocracked  stock.  POSF 
2827  represented  a  typical  Jet  A  and  was  the  primary  reference  fuel  in  which  the  additive 
candidates  were  blended  and  evaluated.  A  number  of  special  investigations  were  also 
performed.  A  detergent/dispersant  was  identified  that  approached  the  thermal  stability 
target. 
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2.0  INTRODUCTION 


Fuel  thermal  stability  has  been  recognized  as  a  critical  limiting  factor  in  the  design  of 
advanced  engines.  Increased  heat  loads  resulting  from  increases  in  lubricant  and  hydraulic 
fluid  operating  temperatures  and  extensive  airframe  electronics  will  rely  on  the  cooling 
capabilities  of  the  fuel.  To  accommodate  these  heat  loads,  engine  hardware  designers  and 
fuel  developers  are  confronted  with  developing  coke  resistant  hardware  in  combination 
with  fuels  with  greater  cooling  capacities.  Unless  more  thermally  stable  fuels  are 
developed,  the  benefits  of  programs  such  as  the  Integrated  High  Performance  Turbine 
Engine  Technology  (IHPTET)  initiative  will  be  partially  offset  by  the  need  for  larger 
recirculating  systems  to  maintain  fuel  temperatures  below  their  thermal  stability  limits. 
Development  of  high  temperature  fuels  will  rely  on  the  availability  of  precise,  analytical 
tools  for  characterizing  the  thermal  stability  properties  of  jet  fuels  and  to  accurately  model 
the  thermal  deposition  process; 

This  program  focused  on  the  development  and  demonstration  of  innovative 
laboratory-scale  techniques,  and  use  of  these  techniques  in  the  formulation  of  a  near-term 
advanced  JP-8  fuel.  The  program  was  directed  specifically  at  development  of  an  advanced 
JP-8  fuel  to  meet  or  exceed  near-term  fuel  thermal  oxidative  stability  goals.  Near-term 
high  temperature  stability  requirements  have  been  identified  by  Wright  Laboratory  (WL) 
as  an  increase  in  fuel  temperature  at  the  nozzle  from  325°  to  425°F  (163  to  218°C).  This 
has  been  described  in  fuel  development  terms  as  JP-8  +  1(X)°F  fuel.  As  a  prerequisite  to 
JP-8  +  1(X)°F  development,  unique  and  innovative  laboratory  techniques  are  required  for 
use  in  screening,  evaluation,  and  study  of  candidate  fuel/additive  formulations.  The 
analytical  methodologies  developed  under  this  program  focused  on  quantification  of  fuel 
deposits  and  compositional  changes  of  candidate  fuel  formulations  under  thermal  stress. 

Program  goals  were  pursued  under  four  interrelated  tasks: 

•  Task  I  -  Development  of  Techniques  For  Screening  and  Evaluating  Additives 

•  Task  n  -  Procurement  and  Blending  of  Fuel/ Additive  Formulations 

•  Task  in  -  Screening  and  Evaluation  of  Candidate  Additives 

•  Task  rv  -  Characterization  of  Formu-lations  Meeting  JP-8  +  1(X)°F  Criteria 


2 


3.0  RESULTS  AND  DISCUSSION 


Task  I  -  Development  of  Techniques  For  Screening  and  Evaluating  Additives 

Task  I  was  directed  at  development,  refinement  and  implementation  of  new  test 
methods  for  screening  candidate  additive  formulations  and,  ultimately,  for  characterizing 
the  temperature  capabilities  of  an  advanced  JP-8  fuel  meeting  the  requirements  of  JP-8  + 
100  °F. 

Four  test  methods  were  developed  and  evaluated,  or  existing  methods  refined,  for 
use  in  screening  additives  and  baseline  fuels.  These  included  the  Microthermal 
Precipitation  Test  (MTP),  Fuel  Reactor  Test,  Hot  Liquid  Process  Simulator  (HLPS),  and 
Isothermal  Corrosion  Oxidation  Test  (ICOT). 

•  Microthermal  Precipitation  Test 

The  impetus  for  this  development  effort  was  the  need  for  a  screening  test  that  could 
discriminate  between  fuels  of  varying  propensity  to  produce  thermally  induced  insoluble 
particulate  material  in  the  bulk  fuel.  The  Microthermal  Precipitation  (MTP)  test  thermally 
stresses  a  SOO-milliliter  (mL)  fuel  sample  at  3()0°F  (149°C)  for  three  hours.  Fuel 
pretreatment  includes  a  6-minute  air  sparge.  A  constant  oxygen  supply  to  the  fuel  is 
maintained  by  way  of  200  psig  air  pressurization.  The  fuel  is  continuously  stirred 
throughout  the  test.  Test  temperature  is  based  on  fuel  temperature  as  opposed  to  skin 
temperature. 

At  the  conclusion  of  the  test,  three  50-mL  and  three  100-mL  aliquots  of  the  fuel  are 
filtered  through  an  in-line  25-milliraeter  (mm)  Gelman  glass  filter  having  a  1 -micron 
nominal  pore  size.  Particulate  material  suspended  in  each  aliquot  is  captured  on  a  Gelman 
glass  filter  and  quantified  via  carbon  bumoff  using  a  LECO  RC-412  Carbon  Determinator. 
Results  are  reported  as  micrograms  of  carbon  per  square  centimeter  (pg/cm^). 

Test  Set  Up 

The  MTP  test  is  a  stand-alone  system  which  incorporates  a  JFTOT  fuel  reservoir;  an 
aluminum  heating  mantel;  controlling  thermocouple;  temperature  controller;  sampling, 
bypass  and  purging  valves;  and  a  sampling  port  with  an  in-line  filter  for  filtering  and 
collecting  the  sample.  A  detailed  description  of  the  equipment  setup  is  presented  in  the 
following  paragraphs. 

System  Pressurization 

The  fuel  reservoir  is  pressurized  with  compressed  air.  Both  a  pressure  relief  and  an 
overpressure  safety  valve  are  positioned  at  the  top  of  the  reservoir.  The  overpressure 
valve  was  added  for  safety  in  case  of  sudden  pressure  spikes  due  to  regulator  failure  or 
auto  ignition.  In  addition,  a  shutoff  valve  isolates  the  regulator  and  gauges  from  the 
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pressurized  fuel  reservoir  during  testing.  This  safeguards  against  regulator  damage  in  the 
event  of  autoignition.  A  condensing  coil  is  located  between  the  reservoir  and  pressure 
gauge  to  keep  condensing  vapors  from  damaging  the  gauge  mechanism. 

Heating  And  Temperature  Control 

An  aluminum  heating  mantel  and  temperature  controller  unit  was  custom  fabricated 
by  InterAv,  Inc.  The  InterAv  power  supply  and  enclosure  uses  an  Omega  Series  4000A 
proportional  controller.  The  accuracy  of  this  controller  is  +/-  0.5%  full  scale  and  has  a 
1°F  resolution.  To  improve  temperature  stability  and  reduce  heat  loss,  a  zirconium  (Zr) 
wool  jacket  is  placed  around  the  heating  mantel. 

A  temperature  controlling  thermocouple,  inserted  through  the  top  of  the  reservoir 
cover  then  lowered,  mid-point  into  sample,  is  used  to  control  fuel  temperature.  A 
calibrated  type  K  chromel/alumel  thermocouple  is  used.  A  stir  plate  and  stir  bar  is  used  to 
ensure  uniform  temperature  throughout  the  sample. 

Filtering  and  Collection  of  Sample 

A  sample  collection  port  is  located  at  the  bottom  of  the  fuel  reservoir.  Sampling  is 
controlled  by  two  valves.  A  stainless  steel,  three-way  valve  directs  the  sample  through  a 
vernier  flow  control  valve  to  tl.e  filter  holder,  through  the  Gelman  glass  filter,  and  into  a 
graduated  cylinder.  Placed  in  the  alternate  position,  the  three-way  valve  reroutes  the 
sample  through  a  stainless  steel  tube  into  a  collection  beaker.  In  this  second  valve 
position,  a  nonfiltered  sample  can  be  obtained  or  the  reservoir  drained. 

Filtering  is  accomplished  using  a  25-mm  Gelman  borosilicate  glass  microfiber  filter. 
The  Gelman  filters  used  are  type  A/E  containing  no  organic  binders  and  are  autoclavable. 
The  filters  are  rated  at  1022°F  (550^C)  and  have  a  1-micron  nominal  pore  size.  Lot 
numbers  are  maintained  for  each  analysis.  The  Gelman  glass  filter  is  housed  in  a  Millipore 
micro-syringe  25-mm  filter  holder  which  has  been  modified  with  a  Swagelok  fitting.  The 
filter  holder  is  304  stainless  steel.  Filtering  rate  is  governed  via  the  vernier  valve  which  is 
located  downstream  of  the  filter  holder.  In  addition,  a  vernier  valve  is  positioned  in  line 
with  a  vacuum  pump  to  ensure  a  constant,  uniform  vacuum  rate  during  the  hexane  rinse  of 
each  filter. 

Results 

Preliminary  test  results  showed  that  the  MTP  had  the  ability  to  discriminate  between 
fuels  and  additives  of  varying  propensity  to  form  bulk  fuel  insolubles.  Appendix  B 
presents  a  ranking  of  additives  based  on  the  MTP  test  as  well  as  a  master  list  of  all 
replicate  runs  performed.  The  MTP  test  was  ultimately  replaced  by  the  Fuel  Reactor  test 
due  to  a  requirement  to  accelerate  additive  screening.  The  Fuel  Reactor  Test  is  described 
in  the  following  section. 


4 


•  Fuel  Reactor  Test 


The  Fuel  Reactor  Test  was  developed  to  be  less  labor  intensive  than  the  MTP  test 
and  permit  testing  up  to  four  additives  simultaneously.  Test  conditions  are  similar  to  those 
established  for  the  larger-scale  MTP  test; 

V  Fuel  preparation:  prefdtered  through  a  lOp-Millipore  filter;  6-minute  sparge 

V  Sample  size:  60  mUliliter  (mL) 

V  Reactor  vessel:  75-mL  Pyrex  glass  test  tube  inserted  in  a  9  inch  X  1 V4  inch  O.D. 

stainless  steel  bomb 

V  Thermal  stressing:  four-port  COS  aluminum  block  heater;  300°F  (149°C)  for  3  hours; 

200  psig  air 

V  No.  of  tests  per  series:  four  tests  performed  simultaneously 

At  the  conclusion  of  the  test,  the  stressed  fuel  from  each  bomb  is  filtered  through  a 
1 -micron  Gelman  glass  filter.  The  filters  are  analyzed  for  surface  carbon  using  a  LECO 
RC-412  Carbon  Determinator. 

Five  Fuel  Reactors  were  fabdcated.  The  fuel  reactors  were  basically  9-inch  X  IV4 
inch  O.D.  stainless  steel  bombs.  A  two-way  valve  is  used  to  introduce  the  desired 
atmosphere  and  pressure.  Swage-type  fittings  allow  disassembly  for  cleaning  the  reactor 
and  loading  the  test  fuel.  A  75-milliliter  (mL)  Pyrex  glass  test  tube  is  used  to  prevent 
contact  of  the  fuel  and  minimize  contact  of  its  vapor  with  the  metal  reactor  walls.  Four 
reactors  can  be  thermally  stressed  simultaneously  using  a  four-port  Corrosion  Oxidation 
Stability  (COS)  aluminum-block  heater.  Optimum  test  times,  temperatures  and  pressures 
were  determined. 

The  Fuel  Reactor  test  provides  a  number  of  advantages  over  that  of  the  MTP  test. 
These  include  smaller  sample  size,  post  test  filtering  of  the  entire  aliquot  thermally 
stressed,  less  labor  intensive  and  performance  of  up  to  four  tests  simultaneously. 
Preliminary  testing  showed  that  the  Fuel  Reactor  test  ranked  fuels  of  varying  propensity 
for  thermal  precipitation  in  the  same  order  as  the  MTP  test.  Repeatability  and 
discrimination  between  fuels  was  as  good  or  better  than  the  MTP  test.  Appendix  C 
presents  a  ranking  of  additives  based  on  the  Fuel  Reactor  test  as  well  as  a  master  list  of  all 
replicate  runs  performed. 

•  Hot  Liquid  Process  Simulator  Test 

The  Hot  Liquid  Process  Simulator  (HLPS)  was  selected  as  the  primary  tool  for 
screening  additives.  A  detailed  description  of  the  technique  and  how  it  was  applied  in 
screening  candidate  thermal  stability  improving  additives  is  described  in  “Task  III  - 
Screening  and  Evaluation  of  Candidate  Additives.”  Further,  Task  III  presents  a 
comprehensive  ranking  of  all  reference  fuels,  additives,  and  experimental  blends  based  on 
HLPS  test  results. 
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•  Isothermal  Corrosion  Oxidation  Test 


The  Isothermal  Corrosion  Oxidation  Test  (ICOT)  was  developed  by  WL  for  use  in 
screening  additives.  Because  of  its  ease  of  setup  and  quickly  established  database  at  WL, 
it  was  implemented  at  P«&W  as  a  tool  for  monitoring  bulk  fuel  insolubles  produced  during 
thermal  stressing  of  fuel/additive  formulations.  A  detailed  description  of  the  technique  and 
how  it  was  applied  in  screening  candidate  thermal  stability  improving  additives  is 
described  in  ‘Task  III  -  Screening  and  Evaluation  of  Candidate  Additives.”  Further,  Task 
III  presents  a  comprehensive  ranking  of  all  reference  fuels,  additives,  and  experimental 
blends. 

•  Quartz  Crystal  Microbalance 

A  Quartz  Crystal  Micro  balance  (QCM)  developed  by  Sandia  National  Laboratories 
(SNL)  demonstrated  the  ability  to  monitor  deposition  rate  in  real  time  in  a  static  reactor 
vessel.  As  a  result  of  technical  discussions  at  WL  and  SNL,  a  QCM  was  evaluated  at 
P&W  and  University  of  Dayton  Research  Institute  (UDRI)  for  use  in  screening  additives. 
P&W  teamed  with  SNL  and  UDRI  in  test  method  development  for  static  applications. 

Preliminary  testing  showed  the  technique  to  be  very  promising.  The  test  appears  to 
lend  itself  to  routine  analysis.  An  investigation  was  conducted  directed  at  evaluating  the 
affect  of  time,  temperature,  and  atmosphere  on  test  repeatability  and  differentiation 
between  fuel  types  nd  additives.  The  test  has  been  implemented  for  use  in  evaluating 
additives. 


Task  II  -  Procurement  and  Blending  of  Fuel/Additive  Formulations 

One  hundred  fifty  two  additives  were  received  from  19  additive  manufacturers  and 
distributors  for  screening.  A  current  inventory  showing  additive  category,  manufacturer, 
blending  concentration  and  chemical  description  is  included  in  Appendix  A  at  the  end  of 
this  report. 


Task  III  -  Screening  and  Evaluation  of  Candidate  Additives 
•  Hot  Liquid  Process  Simulator  Test 

All  additives  in  inventory  were  screened  using  the  HLPS.  A  comprehensive  HLPS 
ranking  of  the  reference  fuels  and  additives  evaluated  is  shown  in  Table  2-1.  Figure  2-1  is 
a  graphical  represenU,tion  of  the  HLPS  ranking  for  the  50  b  st  performing  reference  fuels 
and  additives.  Ranking  of  the  reference  fuels  and  candidate  additives  is  based  on  surface 
carbon  produced  during  a  5-hour  HLPS  test  performed  at  63:)°F  (335°C)  using  a  316 
series  stainless  steel  JFTOT  tube.  Where  multiple  tests  were  performed,  the  value  shown 
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is  an  average  of  the  replicate  runs.  Appendices  A  through  C  present  master  lists  of  all 
replicate  HLPS,  ICOT,  MTP,  and  Fuel  Reactor  tests  performed. 

An  “Index  of  Merit”  was  applied  to  the  additives  evaluated  in  the  HLPS  test.  The 
formula  was  used  to  identify  the  most  promising  additives.  These  additives  will  be 
considered  for  advancement  to  a  second  level  of  screening.  Secondary  screening  will 
subject  the  additives  to  screening  in  several  fuels,  package  reformulation  and 
concentration  optimization,  then  onward  to  larger  scale  flowing  tests  such  as  the  Phoenix 
Rig,  Augmentor  Rig,  and  the  Extended  Duration  Test.  The  Index  of  Merit  considers  the 
baseline  fuel  in  which  the  additive  was  evaluated  and  performance  in  relation  to  the  JP-TS 
target.  Considered  for  secondary  screening  are  those  additives  which  show  a  carbon 
reduction  >  DuPont  JFA-5.  JFA-5  is  the  only  thermal  stability  improving  additive 
approved  by  military  specification.  Currently,  it  is  considered  state  of  the  art. 

•  Isothermal  Corrosion  Oxidation  Test 

In  the  Isothermal  Corrosion  Oxi-dation  T  jst  (ICOT),  performance  of  the  reference 
fuels  and  candidate  additives  is  based  on  carbon  produced  during  a  5-hour  test  performed 
at  356°F  (180°C).  A  70-mL  aliquot  of  fuel  is  stressed  in  a  38-millimeter  (mm)  OD  X  300- 
mm  glass  COS  tube  using  a  multiport  aluminum  block  heater.  A  0.25-inch  O.D.  X  30- 
inch  glass  blower  tube  bubbles  air  into  the  fuel  at  a  rate  of  IL/hour.  Condenser 
temperature  is  68°F  (20°C).  At  the  conclusion  of  the  test,  the  entire  aliquot  of  fuel  is 
filtered  through  a  1 -micron  Oelraan  glass  filter.  The  blower  tube  and  the  filter  are  rinsed 
with  hexane.  The  filter  is  dried  in  an  oven  prior  to  carbon  bumoff.  A  LECO  RC-412 
Carbon  Detenninator  is  used  to  measure  surface  carbon  formed  on  the  glass  blower  tube 
and  bulk  fuel  insolubles  collected  on  the  Gelman  glass  filter. 

ICOT  were  performed  on  21  additives.  Each  additive  was  tested  in  duplicate. 
Priority  was  placed  on  testing  those  additives  shown  to  be  most  promising  in  HLPS  tests. 

Reference  and  target  fuels,  along  with  additives  screened  to  date,  are  ranked  in 
Table  2-2.  These  are  shown  in  order  of  increasing  bulk  fuel  insolubles.  Blower  tube 
surface  carbon  is  also  shown.  The  value  shown  is  an  average  of  two  to  four  runs. 
Appendix  A  presents  a  master  list  of  all  replicate  ICOT  tests.  Standard  deviation  and 
coefficient  of  variation  is  included  for  some  tests  to  give  insight  into  the  repeatability 
exhibited  by  the  ICOT.  Statistical  analysis  shows  that  the  ICOT  should  be  considered  as  a 
“ball  park”  screening  test 
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TABLE  2-1 

HLPS  RANKING  OF  FUELS,  ADDITIVES,  AND  EXPERIMENTAL  BLENDS 

Carbon 

Delta  P/Time 

Carbon 

Delta  P/Time 

Product  Name 

(ng/cwi^) 

(mm  Ho/min.) 

(pg/crr^) 

(mm  Hg/min.) 

Exxon  JP-TS 

3 

POSF  2942 

41 

300/240 

JP-TS  Non-Add.  Sp.  Blend 

5 

4/300 

POSF  2786,  11  mg/L 

44 

0/300 

AF  JP-TS 

6 

1/300 

POSF  2786  +  2856 

44 

Super  K-1 

7 

0/300 

POSF  2901 

44 

300/300 

POSF  2881  +  2786 

9 

300/25 

POSF  2773 

45 

4/300 

POSF  2843  +  2894 

12 

5/300 

POSF  2742 

46 

300/90 

POSF  2908 

13 

300/5 

POSF  2769 

46 

300/45 

POSF  2881  +2913 

13 

255/165 

POSF  2941 

46 

5/300 

POSF  2913 

15 

300/180 

POSF  2851 

47 

300/160 

POSF  2881 

16 

300/6 

POSF  2879 

47 

300^ 

POSF  2786  +  25  mg/L  2843 

16 

19/300 

POSF  2924 

47 

300/90 

POSF  2843  +2730 

16 

5/300 

POSF  2910 

47 

300/40 

POSF  2894 

16 

0/300 

POSF  2730,  300  mg/L 

48 

4/300 

Super  K-1  +  POSF  2904 

17 

POSF  2786,  50  mg/L 

48 

POSF  2904  +  25  mg/L  2843 

18 

300/30 

POSF  2880 

48 

300/120 

POSF  289o 

20 

2/300 

POSF  2741 

48 

22/300 

POSF  2843  +  2904  +  2913 

21 

8/300 

POSF  2884 

49 

300/94 

POSF  2786  +  12  mg/L  2843 

22 

5/300 

POSF  2912 

50 

176/300 

POSF  2843  *  2914 

22 

300/240 

POSF  2996 

50 

300/23 

POSF  2904  +  2851  +  2786 

23 

POSF  2943 

50 

0/300 

POSF  2843 

24 

300/20 

POSF  2737 

51 

23/300 

POSF  2843  +  2913 

24 

9/300 

POSF  2902 

51 

300/150 

POSF  2926  Shell  Oil  Jet  A 

24 

5/300 

POSF  2946 

51 

0/300 

POSF  2789 

24 

300/60 

POSF  2903 

52 

300/300 

POSF  N1 

25 

300/90 

POSF  2730,  5  mgA- 

52 

1/300 

POSF  2904 

25 

300/40 

POSF  2772 

53 

300/210 

POSF  2777 

25 

300/12 

POSF  2733,  5  mg^t 

54 

0/300 

POSF2944 

25 

300/210 

POSF  2763 

54 

300/210 

Jet  A-1  Ref.  +POSF2904 

26 

POSF  2881  +2914 

54 

300/33 

POSF  2905 

26 

300/4 

POSF  2914 

55 

4/300 

POSF  2780 

27 

300/30 

POSF  2947 

55 

1/300 

POSF  2842 

27 

POSF  2898 

56 

300/180 

POSF  2739 

28 

300/150 

POSF  2788 

56 

300/300 

POSF  2743 

29 

7/300 

POSF  2938 

57 

300/145 

POSF  2778 

•32 

300/56 

POSF  2768 

58 

300/73 

POSF  2786,  100  mg/L 

32 

POSF  2734 

61 

120/300 

POSF  2949 

32 

4/300 

POSF  2767 

63 

POSF  2899 

33 

300/240 

POSF  2841 

64 

300/45 

POSF  2907 

33 

300/10 

POSF  2839 

65 

POSF  2854 

34 

POSF  2868 

65 

300/60 

POSF  2921 

34 

300/120 

POSF  2894  +  2727 

65 

300/180 

POSF  2948 

34 

300/150 

POSF  N4 

66 

238/300 

POSF  2911 

35 

300/39 

POSF  2770 

66 

POSF  2787 

36 

300/90 

POSF  2945 

68 

0/300 

Exxon  Jet  A  w/ 15%  HC  Stock 

37 

256/300 

POSF  2760 

69 

POSF  2906 

37 

10/300 

POSF  2732 

69 

7/300 

POSF  2733,  300mg/L 

37 

5/300 

POSF  2835 

70 

300/10 

POSF  2950 

38 

5/300 

POSF  2790 

71 

300/17 

POSF  2909 

38 

300/30 

POSF  2870 

72 

POSF  2940 

38 

1/300 

POSF  2849 

72 

4/300 

POSF  2856,  25  mg/L 

40 

300/113 

POSF  2845 

73 

5/300 

POSF  2927 

40 

300/50 

POSF  2877 

74 

300/36 

POSF  2939 

41 

300/153 

POSF  2846 

75 

1  Note:  The  average  value  is  shown  for  replicate  runs 

See  Appendix  A  for  concentrations 

Table  continued  next  pa^ 

/ 
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TABLE  2-1  Continued 

HLPS  RANKING  OF  FUELS,  ADDITIVES,  AND  EXPERIMENTAL  BLENDS  EVALUATED  TO  DATE 


POSF  2833 

78 

POSF2856, 100mg/L 

79 

POSF  2756 

80 

POSF  2731 

82 

1/300 

POSF  2785 

85 

300/70 

POSF  2867 

86 

300/90 

POSF  2771 

86 

POSF  2867 

86 

300/90 

POSF  2771 

86 

POSF  2728 

88 

8/300 

POSF  2766 

88 

POSF  2766 

88 

POSF  2838 

89 

300/30 

POSF  2847 

90 

5/300 

POSF  2858 

90 

POSF  2745 

90 

0/300 

POSF  2897 

91 

POSF  2837 

91 

POSF  2764 

91 

POSF  2737 

93 

4/300 

POSF  2736 

93 

300/120 

POSF  2860 

93 

POSF  2754 

95 

POSF  2781 

96 

POSF  2832 

97 

POSF  2836 

98 

300/60 

POSF  2900 

98 

POSF  2751 

98 

POSF  2840 

98 

POSF  2762 

99 

POSF  2878 

100 

300/36 

POSF  2865 

100 

POSF  2765 

101 

POSF  2748 

102 

POSF  2753 

104 

POSF  2869 

104 

POSF  2863 

104 

POSF  2883 

105 

POSF  2735 

106 

300/60 

POSF  2755 

106 

POSF  2852 

106 

Note:  The  avereige  value  is  shown  for  replicate  runs 
See  Appencfx  A  for  concentrations 
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Figure  2-1 .  HLPS  Ranking  of  the  Top  50  Reference  Fuels  and  Additive  Blends 
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TABLE  2-2 

ICOT  RANKING  OF  FUELS,  ADDITIVES, 
AND  EXPERIMENTAL  BLENDS 


j  Sample 

Name 

Filtared 

Carbon 

Avg.ug 

Slower 

Tube 

Carbon 

Avg.ng 

Sample 

Name 

Filtered 

Carbon 

Avg.i)g 

Blower 

Tube 

Carbon 

Avg.pg 

POSF  2894 

397 

590 

POSF  2842 

1148 

567 

POSF  2894+  2727 

468 

68 

POSF  2843 

1166 

553 

POSF  2950 

491 

99 

POSF  2789 

721 

POSF  2909 

494 

324 

POSF  2777 

1204 

662 

POSF  2739 

494 

340 

POSF  291 3 

1232 

76P 

POSF  2884 

528 

564 

POSF  2832 

1272 

r; 

POSF  2769 

529 

726 

POSF  2951 

1288 

JP-TS 

584 

74 

POSF  2949 

1320 

POSF  N1 

598 

377 

POSF  2741 

1388 

750 

POSF  2880 

604 

424 

POSF  2908 

1391 

569 

POSF  2910 

610 

567 

POSF  2927 

1456 

351 

POSF  2944 

650 

393 

POSF  2849 

1457 

225 

POSF  2733 

654 

951 

POSF  2786 

1486 

438 

POSF  2773 

666 

721 

POSF  2848 

1672 

468 

POSF  2778 

747 

594 

POSF  2901 

1675 

POSF  2787 

785 

100 

POSF  2879 

1710 

541 

POSF  2856.  25  mg^ 

836 

527 

POSF  2847 

1768 

547 

POSF  2907 

862 

309 

Shett  JetA-1 

1879 

2417 

POSF  2780 

874 

519 

POSF  2845 

1925 

516 

POSF  2939 

874 

505 

POSF  2854 

2016 

562 

POSF  2899 

877 

611 

POSF  2895 

2055 

671 

POSF  2856,  100  mg/L 

883 

707 

POSF  2846 

2104 

605 

POSF  2904 

891 

434 

POSF  2952 

702 

1  POSF 2786 

900 

497 

POSF  2742 

2365 

1105 

POSF  2948 

908 

169 

POSF  2851 

2574 

1727 

1  Super  K'1 

947 

97 

POSF  2727 

2944 

113 

1  POSF  2844 

1009 

2542 

Jet  A  Ref. 

2971 

3196 

1  POSF  2905 

1045 

321 

POSF  2743 

3655 

642 

1  POSF  2921 

1  Note:  See  Appendx  A  for  repeatability 

1046 

414 

POSF  2730 

3938 

398 
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4.0  CONCLUSIONS 


Based  on  HLPS  tests,  the  most  promising  additives  were  those  that  significantly 
reduced  both  surface  carbon  and  differential  pressure.  As  shown  in  Table  2-1,  three  out  of 
the  top  four  performers  were  experimental  blends  that  included  POSF  2843  antioxidant 
The  fourth  was  a  detergent/dispersant  identified  as  POSF  2895.  Based  on  ICOT  tests,  the 
most  promising  additives  were  those  that  significantly  reduced  both  filtered  carbon  and 
blower  tube  carbon.  One  experimental  blend,  POSF  2894  +  POSF  2727,  and  one  single 
additive,  POSF  2950,  yielded  lower  filtered  carbon  than  did  JP-TS.  POSF  2894  +  POSF 
2727  yielded  both  lower  filtered  carbon  and  blower  tube  carbon  than  the  JP-TS  target. 

In  addition  to  the  above  additives,  a  number  of  other  candidates  have  been 
identified  that  in  combination  are  expected  to  further  the  goal  of  meeting  or  exceeding  the 
thermal  stability  properties  of  JP-TS.  Considerable  more  work  remains  in  the  area  of 
additive  screening,  experimental  blends,  test  development  and  interpretation,  second-level 
screening,  larger-scale  dynamic  flowing  tests,  material  compatibility,  physical  and  chemical 
characterization,  and  com-ponent  and  engine  tests. 

The  data  generated  and  “lessons  learned”  during  the  course  of  this  program  have 
been  transitioned  to  a  follow-on  Air  Force  funded  effort  entitled  "An  Integrated  Approach 
to  Improved  Fuel  System  Design  and  Fuel  Thermal  Stability."  The  aforementioned 
program  will  continue  the  pursuit  of  the  goals  and  objectives  formulated  for  development 
and  implementation  of  JP8+100. 
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5.0  APPENDICES 


The  following  section  includes  Appendices  A  through  C.  Appendix  A  presents  all 
HLPS  and  ICOT  results;  Appendix  B  all  MTP  results;  and  Appendix  C  all  Fuel  Reactor 
test  results.  Appendix  A  has  been  updated  to  include  results  compiled  subsequent  to  the 
end  of  this  technical  effort 
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Candidate  Additive  Experimental  P&W  Blends 
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Instrument  malfunction 
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APPENDIX  B:  APPB_FIN.XLS 


MTP  Tests 


POSF 

No. 

Description 

wmm 


so  mL  Samples,  pg  carbon 


2  3 


Revised  03/26/92 


1  All  Data  From  All  Tes 


!  Filter  \  sW 


Avi 


Exxon  23  m 


1 1  mo/l  2786 


I  7/24/91  1  1571 


8/02«1  I  2  3632  3670 


13  2947  2962 


897 


2863 1 Not  Prefiltered 


8/14/91 

2 

5629 

3 

4874 

50  9/20/91 


100  9/24/91 


90-2748  Extender/Stabilizer  200 


90-2753  N2/02  Type  AO  25 


7336 


94431  8983 


83751  7725 


10840 


75201  9012 


6155  6091  6848 


msmi 


10725  INot  Prefiltered 


Not  Prefiltered 


90-2726  Det/Ois 


90-2776  AO/Det./Diso./ 


91-2827  Additive  Free 


7248  6077  5147  4539  4483 


5977  5327  4750  4716  5415  5457  915 


6774  5838  6500  6371  Not  Prefiltered 


Formed  SI 


8805  iNot  Prefiltered 


8957  8334 


7004  6643 


7474  6968 


7408  7840 


6466  64841  7162  I  912 


7221  Not  Prefiltered 


N2  Over  Pressure 


No  Over  Pressure 


90-2774  AO/0iSD./MD 


90-2744  Det./Disi 


9/06/91 


748  718 


372  347 


10260 


13720 


MTP  Test  Conditions:  Prefiltered  fuel//tir  spraged/300F73  HRS./200psi  air/No  solvent  rinse 


Disp.  =  Dispersant;  Det.= Detergent;  AO=  Antioxidant;  MD=Metal  Deactivator 


350  36 


10049 INot  Prefiltered 


Not  Prefiltered 
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APPENDIX  C: 


FUEL  REACTOR  TESTS 


POSF 

Cone. 

BURN  OFF 

Test 

No. 

Description 

(mg/L) 

Date 

No. 

90-2774 

AO/Disp/MD 

25 

3/4/92 

2 

3/4/92 

3 

91-2881 

N2AO 

25 

3/4/92 

1 

3/4/92 

2 

2  36 

AO/Dispersant 

25/11 

4/2/92 

1 

4/2/92 

2 

3 

4/9/92 

4 

2881-f2786 

AO/Oispersant 

25/11 

4/2/92 

1 

4/2/92 

2 

N2AO 

4/9/92 

1 

4/9/92 

2 

91-2872 

N2/02  AO 

4/9/92 

1 

2 
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